Addis Ababa (14.4%). Culturing performed at AHRI identified a pathogen in 15 (10.8%) of the 139 patients: N. meningitidis (n = 4), S. pneumoniae (n = 9), and H. influenzae (n = 1). Conventional multiplex PCR performed at AHRI identified DNA from the same 3 pathogens in 18 (12.9%) CSF samples: N. meningitidis (n = 7), S. pneumoniae (n = 10), and H. influenzae (n = 1). By multiplex real-time PCR of the same CSF samples, etiologic agent could be verified in 46 (33.1%) samples: N. meningitidis (n = 27; 19.4%), S. pneumoniae (n = 18; 12.9%), and H. influenzae (n = 1; 0.7%). For the remaining 93 patients, an etiologic agent for the meningitis episode was not determined.
The proportion of CSF samples with etiologic agent identified by real-time PCR varied between sites, peaking in Hawassa with 19 (70.4%) of 27 samples, followed by Addis Ababa with 7 (35.0%) of 20 samples and Gondar with 20 (21.7%) of 92 samples (Table 2) . Of 27 CSF samples positive for N. meningitidis, genogroup could be determined for 20 (Table 2) . For the remaining 7 samples, genogroup could not be determined by real-time PCR because DNA concentration was low.
Serogroup distribution differed substantially by geographic region: W dominated in Gondar, A in Hawassa (Figure 2 ). One case of meningococcal disease caused by serogroup C and 1 caused by serogroup X meningococci were identified in Gondar and Hawassa, respectively. PorA genosubtyping results were available for 19 of the 27 CSF samples containing N. meningitidis DNA; both PorA variable regions were indicated for 15 samples. Samples from Hawassa were P1.20,9 (n = 7), P1.5-11,10-1 (n = 1), P1.5,_ (n = 1) and P1._,9 (n = 1), whereas those from Gondar were P1.5,2 (n = 7), P1._4 (n = 1) and P1._,2 (n = 1). Genotyping of the 4 meningococcal strains isolated showed that 1 was serogroup W, P1.5,2:F1-1:ST11, whereas 3 were serogroup A, P1.20,9:F3-1:ST7. The 3 pneumococcal isolates that were recovered for multilocus sequence typing were sequence types (ST) 8875 (n = 2) and ST289 (n = 1), all from Gondar. The case-fatality rate (CFR) for meningococcal patients was 11.1% (3/27), whereas that for pneumococcal patients was 16.7% (3/18). Among the total 20 fatal bacterial meningitis cases, 8 were reported from Hawassa; 2 were caused by pneumococci, 3 by meningococci (1 serogroup A, 1 nongroupable, and 1 W), and 1 by H. influenzae. Of the 2 fatal cases from Addis Ababa, 1 was caused by S. pneumoniae. No samples from fatal cases from Gondar were positive by real-time PCR. The proportion of meningococcal case-patients with serogroup A infection in the MenAfriVac target group (1-29 years of age ) was 31.0% (9/29).
These case-based demographic data and laboratoryverified analyses of CSF samples from 139 bacterial meningitis patients in 3 hospitals in Ethiopia indicate baseline data before MenAfriVac vaccination. The dominance of serogroups W and A among the cases of known etiology in Gondar and Hawassa, respectively, suggests geographic variation in meningoccocal serogroup distribution in Ethiopia (Figure 2) . The presence of serogroup W and X in Ethiopia is in line with trends in the rest of the meningitis belt (10) (11) (12) and may diminish the effects of the monovalent serogroup A conjugate vaccine on overall meningococcal disease incidence. Molecular typing showed that serogroup A meningococci isolated in Ethiopia in 2012-2013 were the same ST (ST7) as those causing the 2002-2003 outbreaks; both expressed PorA P1.20,9 (4,5). The serogroup W isolates were ST11 with PorA P1.5,2, the same found among outbreak strains in other meningitis belt countries (11) (12) (13) .
Variation between sites and the overall low rates of etiologic agent identification may be explained by differences in interpreting meningococcal symptoms and CSF turbidity, as well as delay in transporting samples to the laboratory. CFR among meningococcal disease patients (11.1%) was comparable with that observed in other meningitis belt countries, whereas CFR among pneumococcal disease patients (16.7%) was lower than typically observed (≈50%) (14) .
Conclusions
This study highlights the need for reinforcement of casebased, laboratory confirmed surveillance of bacterial meningitis in Ethiopia to enable mapping of distribution of causative organisms across the country and determine the potential effects of existing vaccines. The high proportion of serogroup W meningococci observed in northern Ethiopia is cause for concern, as is the presence of serogroup X. Recent outbreaks of meningitis caused by serogroup W in Burkina Faso and C in Nigeria (15) have been met with reactive vaccination campaigns with polysaccharide vaccines in areas where MenAfriVac has been implemented. This situation is suboptimal and calls for fast-tracking the development of affordable, multivalent conjugate vaccines against serogroups A, C, Y, W, and X meningococci (10). PCR; and Tsegaye Hailu and Legesse Negash for assistance with data management.
